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!" !!! ! (Eq. S1) where k is the Boltzmann constant, T is the temperature, σ is the channel conductivity, ε is the energy and E F is the Fermi energy. The electrical behavior of sample A shows that the device operates in the linear transport regime in the range of gate voltages: V G = -0.35 V -0.25 V, as shown in the transconductance curve ( Figure S1a ). In this regime, the carrier mobility is constant and Eq. S1) can be re-written as [36] :
Where C gw is the capacitance between the nanowire and the gate electrode, normalized to the gated volume, and n the carrier density. The derivative dn/dE F can be estimated from the electron density in the InAs nanowire:
is the 3-dimensional density of states (this approximation is valid for nanowires with radius larger than 20 nm) and f(E) is the Fermi-Dirac Distribution: 
Determination of the Seebeck coefficient for sample B
While analyzing the transport behavior of sample B, two different transport regimes can be identified ( Figure   S2a ): region I (blue shaded linear region in the logarithmic plot of Fig. S2b ) corresponding to the subthreshold regime (V G = 0.5 V-1 V); region II corresponding to the linear transport regime (V G = -1.5 V -0.5 V). To extract the Seebeck coefficient S (blue curve in Fig. S2d ) at V G > 0.5 V we investigated the subthreshold swing
, which is ≈ β [38] :
Here β can be extracted from the linear fit of the logarithm of the current vs V G in the subthreshold region.
Conversely, in region II (gray region in Figure S2b ) we can make the same assumptions used for the calculation of the Seebeck coefficient for sample A, after substituting in Eq. S2, C gw with the gate to channel capacitance per unit area C gc , and by retrieving the density of carriers per unit area via the equation [39] :
The energies E ! ! here indicate the subbands arising in a BP flake of finite thickness as an effect of the confinement in the out-of-plane z direction. The n(E F ) plot calculated via Eq. S8 is shown in Fig. S2c .
Combining Eqs. S6 and S8 we derived dn/dE f and then S b (red curve in Figure S2c 
Phase--sensitive interferometric setup
The interferometric setup exploited for phase sensitive experiments is depicted in Figure 4 in the main text.
A transparent chip carrier has been used, so that the detector can be simultaneously excited by two optical beams (Figure 4 
Evaluation of the spatial resolution
The spatial resolution of a 20 μm aperture near-field probe has been assessed by mapping the THz intensity distribution formed at the tips of two metallic needles separated by ~ 10 μm, brought in close proximity (~ 2 μm) to the aperture (see inset of Figure S3 ) and placed in the focus of the beam [40] . The spatial size of the confined THz field is determined by the distance between the two tips and is narrower than the aperture size.
Thus, the signal profile obtained by moving the detector in front of the needles shown in Figure S3 is the near-field detector response to a point-like source. The full width at half maximum (FWHM) of the intensity profile then represents the spatial resolution of the ~ 17 μm aperture detector. 
